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EP 0 555 982 B1 

Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a liquid crystal display device of externally charging type and a hand-writable liquid 
crystal board set including the device. More specifically, the present invention relates to a hand-writable liquid crystal 
board set comprising: a liquid crystal display device of externally charging type in which the display or erasing of an 
w image is carried out by varying the state of light scattering in the liquid crystal using electro-optical effects, or the 
provision or removal of static electric charges; display means to display an image on a board screen; erasing means 
for erasing the recorded image; and a power source for generating a surface potential on the board screen using the 
display means. 

is Description of the Related Art 

A lot of proposals have already been made relating liquid crystal display devices using the electro-optical effects, 
such as current effect, electric field effect, or heat effect of liquid crystals. Of these, a liquid crystal display device 
disclosed in Japanese Patent Application Laid-Open No.(sho)55-96922, comprises a pair of transparent conductive 

20 layers, and a liquid crystal-dispersed polymer layer sandwiched therebetween in which microcapsules hermetically 
holding liquid crystal therein are scattered. Since this liquid crystal display device effects the display by varying the 
alignment of liquid crystal by turning on and off the application of electric field between electrodes, it is possible to 
easily obtain a large-sized display screen with a simple structure. Nevertheless, this display device requires to use 
polarizing plates thus exhibiting drawbacks that the display image is dark and the field of view is narrow. 

2$ U.S. Patent No.4,435,047 as well as Japanese-translated PCT Patent Application Laid-Open No.(sho)63-501 512, 

discloses a liquid crystal display device which has a simple structure with no polarizing plate, thereby the above draw- 
backs are eliminated, and which facilitates the provision of a large-sized display screen. For this purpose the liquid 
crystal display device includes a pair of transparent electrodes, and a liquid crystal-dispersed polymer layer sandwiched 
between the electrodes in which liquid crystal is finely dispersed in the polymer matrix. The liquid crystal display device 

30 having such a structure, however, cannot be applied to a so called externally charging type liquid crystal display, in 
which recording and erasing can be effected from the outside surface of the display screen. 

As an improvement in this respect, Japanese Patent Application Laid-Open Nos.{sho)6 1-83521 and (hei)3-43715 
disclose a liquid crystal display device comprising a liquid crystal-dispersed polymer layer in which liquid crystal is 
finely dispersed in the polymer matrix and a conductive layer being coated in layer thereon; and an image display 

35 method in which a recording image is formed by providing static charges on the display screen from the outside of the 
liquid crystal-dispersed polymer layer (of the display screen) and thus changing the phase and/or alignment of the 
liquid crystal. 

However, none of these liquid crystal display apparatuses described heretofore would allow the hand-writable or 
erasing of images on the display screen from the outside of the liquid crystal display device. 

40 A liquid crystal display apparatus disclosed in Japanese Patent Application LayingOpen No.(sho) 61 -83521 , is to 

perform display and erasing of the record image by providing or removing static charges in a form of corona charge 
flow from the outside of the display screen of the liquid crystal display device. The present inventors hereof have 
investigated into the liquid crystal display apparatus of this kind, however have found the fact that the provision of 
electric charges to the display screen could cause the cholesteric liquid crystal to change the phase thereof to form a 

45 recording image, but the removal of the static charges could not bring back the phasechanged cholesteric liquid crystal 
to the initial state, or could not erase the recorded image. In order to erase the recorded image, it was found that the 
liquid crystal must be heated above the phase transition temperature, or be further provided with an electrically con- 
ductive sheet through which an a.c. electric field can be applied. It was also found that, for repetitions of display, the 
remaining static charges must be removed to effect next display. In sum, it was found that complicated operations were 

so required to display and erase recorded images repeatedly. 

In a liquid crystal display device disclosed in Japanese Patent Application Laid-Open No.(hei)3-43715, if electric 
charges are provided to the display screen from the outside thereof by any of various charging techniques, the liquid 
crystal is aligned and this changes the state of light scattering in the liquid crystal display device to display a recorded 
image. This disclosure teaches that, in order to erase the recorded image thus obtained, it is necessary to provide 

55 opposite electric charges equivalent to the amount of the static charges present only to the area of the recorded image. 
In practice, however, it is very difficult to perform such an operation since the amount of the opposite charges may be 
slightly more or less than that of the static charges. This situation makes the erasing operation uneasy. Moreover, the 
apparatus of the disclosure disadvantageously exhibits shortness of memory retention of the recorded image at 20 °C 
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and at a relative humidity of 90% or under environment of high humidity. 

Some hand-writable liquid crystal board sets have been tried to be manufactured by utilizing the above described 
liquid crystal display apparatuses, but the reasons described above disturbs the achievement. In other words, the 
former apparatus needs complicated display and erasing processes to repeatedly display images and erase them, or 
5 is problematic in its handling and performances. For the latter apparatus, erasing of the recorded image is unfeasible, 
and moreover, the apparatus is problematic in its durability of the liquid crystal board and in its performance of memory 
retention of the recorded images under a high humidity environment. For these reasons, it has been impossible to 
obtain a hand-writable liquid crystal board having a good operativity and sufficient durability and performances thereof. 

jo SUMMARY OF THE INVENTION 

The present invention has been achieved under what is discussed above to eliminate the problems in the above 
discussed prior art, and it is therefore an object of the present invention to provide a liquid crystal display device of 
externally charging type which readily provides a display screen for a large sized display apparatus with a simple 

is structure, and is facilitated to effect recording and erasing from the outside of a display screen as well as has an 
excellent* memory retention performance of the recorded images, and which has practical strength such as heat re- 
sistance, etc. when used as a display board. Further object of the present invention is to provide a hand-writable liquid 
crystal board set including the above liquid crystal display device as the liquid crystal board, and being excellent in 
operativity, performances and safety. Specifically, the present invention is to provide a hand-writable liquid crystal board 

20 set which can be used, for example, as a toy or in education field, and therefore, which can be used with safety meeting 
the practical utility and which would give no harmful effect even if, in recording or erasing by hand-writable a coating 
material of a conductive lead member connected to a power source to make an electrical contact is broken and the 
conductive lead member is brought into direct contact with any part of human body. 

The present inventors have intensively studied on the hand-writable liquid crystal board set in order to achieve the 

25 above objects. As a result, they found that a liquid crystal device and a hand-writable liquid crystal board set having a 
constitution as follows can provide operativity, performances satisfying the practical utility, and have completed the 
invention. 

The liquid crystal display of externally charging type of the present invention can be characterized by the following 
first item to third item. 

30 

(1 ) The liquid crystal display device of externally charging type in accordance with the present invention comprises, 
successively layered: a conductive layer; a transparent high-electric resistance layer having a volume resistivity 
of 10 13 n-cm or more at 20 °C and at a relative humidity of 90%; a liquid crystal-dispersed polymer layer, in which 
liquid crystal is finely dispersed in polymer matrix thereof and which has a volume resistivity of 1 0 1 3 n-cm or more 

35 at 20 °C and at a relative humidity of 90%; and a transparent insulator layer. 

(2) The liquid crystal display device of externally charging type according to item 1, wherein said high-electric 
resistance layer comprises a polymer or a film having a cross-linked structure. 

(3) The liquid crystal display device of externally charging type according to item 1 , wherein the polymer matrix of 
said liquid crystal-dispersed polymer layer is composed of a polymer having a cross-linked structure. 

40 The hand-writable liquid crystal board set of the present invention can be characterized by the following fourth 

item to twelfth item. 

(4) The hand-writable liquid crystal board set in accordance with the present invention comprises: 

(A) a liquid crystal board of externally charging type comprising, successively ordered: a conductive layer, a 
45 transparent high-electric resistance layer having a volume resistivity of 10 13 n-cm or more at 20 °C and at a 

relative humidity of 90%, a liquid crystal-dispersed polymer layer in which liquid crystal is finely dispersed in 
polymer matrix thereof and which has a volume resistivity of 10' 3 acm or more at 20 °C and at a relative 
humidity of 90%; and a transparent insulator layer, 

(B) display means for displaying and recording images onto the board surface of the liquid crystal board, and 
so erasing means for erasing the recorded images; and 

(C) a power source for generating a surface potential between the surface of the liquid crystal board and the 
conductive layer by the display means; 

wherein the display means employs a writing member electrically connected to one terminal of the power 
source which is connected at the other terminal thereof to the conductive layer; and the erasing means employs 
55 an erasing member electrically connected to the conductive layer. 

(5) The hand-writable liquid crystal board set according to item 4, wherein said high-electric resistance layer com- 
prises a polymer or a film having a cross-linked structure. 
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(6) The hand-writable liquid crystal board set according to item 4, wherein the polymer matrix of said liquid crystal- 
dispersed polymer layer is composed of a polymer having a cross-linked structure. 

(7) The hand-writable liquid crystal board set according to item 4, wherein a lead wire which electrically connects 
said power source with said writing member, said writing member itself, a lead wire which electrically connects 

s said conductive layer with said erasing member, and said erasing member itself all have a respective volume 

resistivity of 10 12 O-cm or less at 23 °C and at a relative humidity of 50%. 

(8) The hand-writable liquid crystal board set according to item 4, wherein an electric resistance of 200 Kft to 
100MH is electrically connected at least between one terminal of said power source and said conductive layer, 
between one terminal of said power source and said erasing member and between said conductive layer and said 

10 erasing member. 

(9) The hand-writable liquid crystal board set according to item 4, wherein an electric circuit including said display 
means and said erasing means is equipped with an interlock device for preventing the occurrence of electric shocks. 

(10) The hand-writable liquid crystal board set according to item 4, wherein an electric circuit including saiddisplay 
means and said erasing means is equipped with an automatic power-off device. 

is (11) The hand-writable liquid crystal board set according to item 4, wherein the board surface of said board, or 

said writing member and said erasing member have been subjected to a dirt-protection treatment. 
(12) The hand-writable liquid crystal board set according to item 4, wherein said writing member and/or said erasing 
member comprises a film-like or sheet-like substrate having a pattern of a conductive material formed thereon. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a conceptional view showing a writing/drawing state of a liquid crystal display device (liquid crystal board) 
of externally charging type according to the present invention; 

Fig.2 is a conceptional view showing an image-recorded state of a liquid crystal display device (liquid crystal board) 
25 of externally charging type according to the present invention; 

Fig.3 is a conceptional view showing an image erasing state of a liquid crystal.display device (liquid crystal board) 
of externally charging type according to the present invention; 

Fig.4 is a conceptional view showing a hand-writable liquid crystal board set with cord of the present invention; 
Fig.5 is a conceptional view showing a hand-writable liquid crystal board set of a cordless type of the present 
30 invention; 

Fig.6 is a practical perspective view showing the hand-writable liquid crystal board set shown in Fig.4; and 
Fig.7 is a practical perspective view showing the hand-writable liquid crystal board set shown in Fig.5 . 

I. liquid crystal display device (liquid crystal board) of externally charging type 
35 2. substrate 

3. conductive layer 

4. transparent high-electric resistance layer 

5. polymer matrix 

6. liquid crystal droplet 

40 7. liquid crystal-dispersed polymer layer 

8. transparent insulator layer 

9. electric power source (built-in automatic power-off device) 

10. terminal 

II. electric resistance 
45 12. lead wire 

1 3. electric resistance 

14. terminal 

1 5. lead wire 

16. a-contact of a switch for writing 
so 17. lead wire 

18. b-contact of a switch for erasing 

1 9. lead wire 

20. writing member (pen type) 
20'. writing member (stamp type) 

55 21. lead wire 

22. b-contact of a switch for writing 

23. lead wire 

24. a-contact of a switch for erasing 
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25. electric resistance 

26. lead wire 

27. erasing member 

28. switch for writing 
5 29. board screen 

30. recorded image 

31. switch for erasing 

32. contact type surface electrode of a switch for writing 

33. contact type surface electrode of a switch for erasing 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A liquid crystal display device of externally charging type, or liquid crystal board for use in a hand-writable liquid 
crystal board set of the present invention is composed mainly by successively forming in layered structure a conductive 
is layer, a transparent high-electric resistance layer having a volume resistivity of 10 13 fl-cm or more at 20 °C and at a 
relative humidity of 90%, a liquid crystal-dispersed polymer layer in which liquid crystal droplets are dispersed in polymer 
matrix and which has a volume resistivity of 1013 n . cm 0 r more at 20 °C and at a relative humidity of 90%, and a 
transparent insulator layer. 

The conductive layer of the liquid crystal board may be either transparent or opaque as long as the surface resist- 
20 ance thereof is not more than 1 0 7 Q1Q. In practice, a glass or a plastic film such as polyesters, polyimides, etc. is used 
as a substrate, and the surface of the substrate is coated for conduction with aluminum, titanium, chromium, tin, rho- 
dium, gold, stainless steel, titanium nitride, nickel-chromium alloy, aluminum-chromium alloy or indium tin oxide. 

The liquid crystal-dispersed polymer layer as a component of the liquid crystal display device of externally charging 
type of the invention includes finely dispersed liquid crystal in polymer matrix. As a preferable feature of the layer, 
25 droplets of liquid crystal are finely and individually dispersed in the polymer matrix, in order to improve the volume 
resistivity of the liquid crystal-dispersed polymer layer. 

The ratio of polymer/liquid crystal in the liquid crystal -dispersed polymer layer falls within a range of 9/1 to 1/9, 
and is preferably from 7/3 to 5/5. Since finely dispersed liquid crystal drops having extremely large or much smalt size 
lower the performance of white-cloudiness for making recorded images clear, the size preferably ranges from about 
30 0.1 to 20 micrometers. The thus obtained liquid crystal-dispersed polymer layer preferably has a thickness of 1 to 50 
micrometers. 

The volume resistivity of the liquid crystal -dispersed polymer layer is preferably 1013 ft-cm at 20 °C and at a 
relative humidity of 90%. For the resistivity of less than lO^ 3 ft-cm, the static charges for forming recorded images 
cannot be retained balanced between the upper and lower interfaces of the liquid crystal-dispersed polymer layer, and 
35 are easy to move, thus the contours of the recorded images become vapor without sharpness with the passage of time. 

As a polymer used for the liquid crystal-dispersed polymer layer, there can be mentioned vinyl resin such as pol- 
yvinyl acetal, acrylic resin and the like; polyester, polysulfone, polyphenylene oxide, ionomer, polycarbonate, polyolefine 

and the like. . . 

Examples include silicone polymer and polymers containing a functional group such as double bondcontaming, 
40 nitrile-, mercapto-, hydroxy-, carboxy-, epoxy-, Cl-containing, F-containing, isocyanate-, methoxy-, amino-, or chloro- 
sulfone- group, or the like. 

More specifically, there can be mentioned vinyl resins such as polyvinyl acetal, acrylic resins and the like, epoxy 
resin, polyester, polyamide, vinylidene chloride resin, silicone resin, chlorinated polyethylene, chlorosulfonated poly- 
ethylene, polyphenylene oxide, styrene-butadiene rubber, ionomer, fluororesin, etc. 
45 Polymers as follows having a cross-linked structure (which will be referred to as cross-linked polymers hereinafter) 

are preferably used. 

Cross-linked polymers can be obtained by mixing a polymer having one of the aforementioned functional groups 
with a cross-linking agent reactive with the functional group so as to cause a reaction between them, or by mixing a 
polymer having one of the aforementioned functional groups with a reactive polymer to cause a reaction between them. 

so Cross-linked polymers do not exhibit any compatibility with liquid crystals at an elevated temperature, so that finely 
dispersed liquid crystal structure can be maintained stable. Therefore, the liquid crystal-dispersed polymer layer be- 
comes durable and no deterioration of performances occurs after the passage of time. 

Examples of the cross-linking agents used for the above-mentioned reaction, include organic peroxide, amine 
compounds, aziridine compounds, epoxy compounds, dicarboxylic acids or anhydride of carboxylic acid, formaldehyde, 

55 dialdehyde.'diols, bis-phenol, silanol compounds, metallic oxide, metallic halide, photo-cross-linking agent (photopol- 
ymerization initiator), etc. Examples of the reactive polymers include phenol resin, amino resins, poly isocyanate, polyol, 
epoxy resin, etc. 

As preferable cross-linked polymers, there can be mentioned cross-linked polymers formulated from a reaction 
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between di- or poly-isocyanate and a polymer such as polyvinylacetal resin, epoxy resin, acrylic resin having a functional 
group such as hydroxy group, carboxyl group, etc., polyester resin, fluororesin, and the like. 

A liquid crystal used in the invention comprises a nematic liquid crystal having positive dielectric anisotropy. The 
liquid crystal is required to have a mesomorphic temperature range of -10 to 100°C to match with the practical utility 
s as a liquid crystal board, and preferably has indices of birefringence An of 0.2 or more, in order to improve the cloudiness 
of the liquid crystal which serves to make the recorded image sharp. The liquid crystal may be added with a dichroic 
dye as required. 

Dispersion of the liquid crystal in the polymer matrices can be carried out by the polymer-liqutd crystal common 
solvent evaporating separation process (common solvent casting process), the polymerizing phase-separation process 

w in which precursor mixture of liquid crystal and polymer is polymerized by light or heat, the melt cooling phase-sepa- 
ration process in which liquid crystal and polymer are heated to melt and then cooled, or by making the liquid crystal 
micro-capsulized and dispersing them in the polymer. 

A transparent polymer having high electric resistance can be used as the transparent insulator layer for the liquid 
crystal board of the invention. The volume resistivity of the layer is preferably 10 13 O-cm or more at a relative humidity 

is of 90% and at 20 °C. The transparent insulator layer is prepared such that a film made of, for example, polyethylene 
phthalate, polyethylene naphthalate, polypropylene, polyethylene, polyvinylchloride, polysulfone, polyphenylene oxide, 
ionomer, polycarbonate, nylon or fluororesin, is layered with a bond or adhesive or such that a solution of a material 
having the aforementioned physical properties is applied and dried. Use of a material having a volume resistivity of 
less than 1 0 13 acm at a relative humidity of 90% and at 20 °C for the transparent insulator layer gives rise to a problem 

20 in its performances due to the same reasons as stated for the liquid crystal-dispersed polymer layer, and therefore the 
thus obtained liquid crystal board can not meet the practical utility 

A transparent high-electric resistance layer of the liquid crystal board of the invention is disposed between the 
conductive layer and the liquid crystal-dispersed polymer layer. The volume resistivity is 1 0 1 3 £2-cm or more at a relative 
humidity of 90% and at 20 °C. This layer more assuringly prevents the static charges retained on the upper and lower 

25 interfaces of the liquid crystal -dispersed polymer layer from moving and attenuating, so that it can improve the per- 
formances in sharpness of contours of the recorded image, memory retention, erasability, etc. Use of a material having 
a volume resistivity of 10 13 Ocm or less at a relative humidity of 90% and at 20 °C for the transparent high-electric 
resistance layer gives rise to a problem in its performances due to the same reasons as stated for the liquid crystal- 
dispersed polymer layer, and therefore the thus obtained liquid crystal board can not meet the practical utility. 

30 The following cross-linked polymers may be used for the transparent high-electric resistance layer. 

Cross-linked polymers can be obtained such that one of silicone polymer and polymer having a functional group 
such as double bond-containing, nitrile-, mercapto-, hydroxy-, carboxy-, epoxy-, Cl-containing, F-containing, isocy- 
anate-, methoxy-, amino-, chlorosulf one-group or the like is mixed with a cross-linking agent reactive with the functional 
group to cause areaction between them, or such that one of the polymers having the aforementioned functional group 

35 is mixed with a reactive polymer to form a cross-linked polymer. 

Examples of the cross-linking agents used for the aforementioned reaction, include organic peroxide, amine com- 
pounds, aziridine compounds, epoxy compounds, dicarboxylic acids or anhydrides of carboxylic acid, formaldehyde, 
dialdehyde, diol, bis-phenol. silanol compounds, metallic oxide, metallic halide, photo-cross- linking agent (photopoly- 
merization initiator), etc. Examples of the reactive polymers include phenol resin, amino resin, polyisocyanate, polyol, 

40 epoxy resin, etc. As preferable cross-linked polymers, there can be mentioned cross-linked polymers formulated from 
a reaction between di- or poly-isocyanate, and a polymer such as polyvinylacetal, epoxy resin, acrylic resins having a 
functional group such as hydroxy group, carboxyl group, etc., polyester resin, fluororesin. and the like. 

The transparent high-electric resistance layer can employ a polymer film. The polymer film can be prepared from 
polyethylene terephthalate, polyethylene naphthalate, polypropylene, polyethylene, polyvinylchloride, polysulfone, 

45 polyphenyleneoxide, ionomer, polycarbonate, nylon, fluororesin, silicon dioxide, or etc. 

Each of the aforesaid liquid crystal-dispersed polymer layer, the transparent insulator layer and the transparent 
high-electric resistance layer is provided in layer by the application process in which a solution of the polymer is applied 
and dried, or by the laminating process in which a film of the polymer is adhered with a bond or adhesive. 

In the liquid crystal board of the present invention, in order to obtain an image having clear contrast, a dichroic 

so dye may be added to the liquid crystal of the liquid crystal-dispersed polymer layer to change the color tone of the 
board screen. On the other hand, if, with transparent conductive layer and substrate, paper.plastic film or other material 
is disposed as a coloring layer on the outer side of the substrate, any color can be allotted to the board screen and the 
image, thus making it possible to form a clear contrast image. 

The display means for recording images used in the hand-writable liquid crystal board set of the invention employs 

ss a writing member electrically connected to one terminal of a power source which is connected at the other terminal 
thereof to the conductive layer of the liquid crystal board for generating a surface potential between the surface of the 
liquid crystal board and the conductive layer. When the writing member is brought into contact with the board screen 
of the liquid crystal board, it is possible to form a recorded image. 
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If the surface potential is generated on the board screen, the liquid crystal present in the liquid crystal<lispersed 
polymer layer is aligned by the static electric field, so that the aligned portions become transparent in a white-clouded 
board screen, thus forming an image with high contrast. When the surface potential is less than a threshold level above 
which the liquid crystal in the liquid crystal-dispersed polymer is to be aligned, the liquid crystal cannot be aligned 
s enough to be completely transparentized. As a result, the recorded image is poor in contrast. 

Erasing means for erasing recorded images in the hand-writable liquid crystal board set of the present invention, 
includes an erasing member electrically connected to the conductive layer of the liquid crystal board. When the erasing 
member is brought into contact with a recorded image on the board screen (or more exactly on the surface of the 
transparent insulator layer) of the liquid crystal board, the recorded image and the conductive layer become equipo- 
io tential, whereby the static charges present in the recorded image area are easily removed to be able to erase the 
recorded image. 

In the hand-writable liquid crystal board set of the present invention, the display means extending from the terminal 
of the power source to the writing member as well as the erasing member from the conductive layer to the erasing 
member may be composed of a conductive material having a resistivity of 10 12 fl-cm or less at a relative humidity of 

is 50% and at 23 °C, and preferably of a conductive material having a resistivity of 10 8 Qcm or less. When drawing or 
erasing operation is effected with the display or erasing means made of a conductor of 10** Q-cm or less, it is possible 
to smoothly provide static charges onto the board screen to align the liquid crystal, or to easily remove the static charges 
and restore the initial state of the liquid crystal from the aligned state. As a result, an image with high contrast, and a 
smooth erasing performance can be easily achieved. On the other hand, if the volume resistivity of the conductor is 

20 more than 10 12 acm, the contrast of the recorded image becomes low, the response becomes dull, and the erasability 
becomes insufficient so that desired erasability cannot be obtained unless a lot of erasing operations are repeated. 
This tendency is unpreferable for the hand-writable liquid crystal board set. 

Primarily in the present invention, transparent images are to be formed on, for instance, a white-clouded back- 
ground of the board screen. An image of white-cloudiness, opposing the original display, however can also be obtained 

25 in the transparent board screen. This can be effected by, at first, providing static charges onto the board screen entirely 
by means of the writing member to align the liquid crystal and next, removing part of the static charges from the board 
screen by means of the erasing member. 

In the hand-writable liquid crystal board set of the present invention, the writing member used for the display means 
and the erasing member used for the erasing means are to be connected electrically to the terminal of the power source 

30 and the conductive layer, respectively. Here, the "electrically connection" must not be assumed as a connection by the 
lead wire. For example, the human body is electrically conductive, so that it is possible to use part of human body for 
drawing and erasing. That is, while contacting an appropriate part of the display means by one hand, an operator can 
touch the board screen through the writing member held by the other hand to thereby make an image in the same 
manner as with the above display means. In a similar manner, while contacting an appropriate part of the erasing 

35 means by one hand, the operator can touch the board screen through the erasing member held by the other hand to 
thereby erase the recorded image in the same manner as with the above erasing means. In this case, it is also possible 
to draw or erase an image directly with hands or fingers without any writing or erasing member. 

In the hand-writable liquid crystal board set of the present invention, the writing member and erasing member can 
be composed of a metal or an alloy of copper, iron, aluminum, tin, palladium, gold, silver, brass, stainless steel, etc. It 

40 is also possible to use metallic oxides such as of tin, indium, silver, zinc, manganese, etc.; conductive polymers such 
as polypyrrole, polythiophene, polyaniline, etc; and conductive materials such as graphite, carbon fiber, etc. 

These materials can be used in various forms depending upon the characteristic of the material. That is. some 
material of these may be directly formed into a wire (lead wire), a contact (terminal) or a conductive fabric. On the other 
hand, coating the surface of a plastic film, fabric, nonwoven fabric, rubber, sponge, glass, etc. with one of the materials 

45 above allows a conductive film, conductive fiber, conductive rubber, conductive sponge, conductive glass, etc. Alter- 
natively, some of the materials are processed into grains or fibers, and thus formed grains or fibers can be kneaded 
with a plastic or a rubber to form a conductive plastic, conductive rubber, conductive porous member, etc. These 
products can be used in combination in accordance with the object, or may be further processed so as to be used as 
a writing member or an erasing member. 

so By preparing a writing member and/or erasing member in a form of a stamp using a conductive elastic material, it 

is possible to easily display any letter or any pattern by contacting the stamp onto the board screen. Alternatively, using 
a film-like or sheet-like substrate having a conductive pattern formed thereon by a transparent or opaque conductive 
ink or conductive resin, it is possible to easily display a complicated shape or pattern such as maps and the like on the 
board screen at one time. Moreover, preparing conductive fibers or an elastic conductive body of a calligraphic brush 

55 type and using it makes it possible to make the trace of the recorded image vary narrower or wider as if it were written 
with a calligraphic brush. 

The power source in the board set of the present invention is preferably composed of a substantially direct current 
power source which provides a potential difference between the conductive layer and the writing member so as to 
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generate a surface potential on the board screen. Any power source, for example, even a solar battery may be used 
as long as it satisfies the above requirement. 

In the hand-writable liquid crystal board set of the invention, there is a possibility or fear of receiving an electric 
shock if an operator comes in contact with a part of the erasing means while touching a part of the display means for 

5 generating the surface potential on the board screen of the liquid crystal board. So this respect is to be considered. To 
deal with this problem, a safety mechanism (or interlock) was developed and is provided to the hand^writable liquid 
crystal board set in order to prevent the electric shock from occurring even when the body of the operator comes into 
contact with both the parts of the display means and the erasing means simultaneously. The interlock mechanism used 
here, or in this hand-writable liquid crystal board set, works as in such a configuration in which the power source 

to provides a surface potential onto the board screen through the display means which is connected at one terminal 
thereof and the other terminal of the power source is connected to the conductive layer whereas the erasing means 
for erasing the recorded image on the board screen is connected to that terminal of the power source which is connected 
to the conductive layer. In such the structure, the interlock operates as a safety device which functions electrically or 
mechanically such that at least one of the terminals of the display and erasing means is adapted to disconnect when 

is an operator's body comes in contact with both the display means and the erasing means simultaneously. 

In addition to the interlocking arrangement, electric resistors of 200KO to 100Mn are each provided between the 
conductive layer-sided terminal of the power source and the conductive layer, between the erasing member-sided 
terminal of the power source and the erasing member, and between the conductive layer and the erasing member. 
These resistors afford an improved safety to the hand-writable liquid crystal board set, whereby no electric shock can 

20 be felt if the displaying means and/or the erasing means are brought into contact with the operator's body. The resistance 
used here is allowed to be within a range of from 200Kft to 100MO for a generated voltage of 50 to 1000 volts, and 
more preferably is limited within a range of from 1 M Q to 40M n. The reason limiting the resistance as such is because 
that, if any member of the display and the erasing means is brought into contact with the human body through a 
resistance less than 200K Q. when a 1000 V power source is used, 5mA or more current flows through the human body 

25 to give an electric shock thereto. On the other hand, if a resistance over 100Mtt is employed, a current leak is easy to 
occur due to the relation to the other insulating resistances in the substrate etc., resulting in a voltage drop in the 
generated voltage, or deterioration of the response for the display and erasing operations occurs resulting in inability 
to perform smooth operations of display and erasing. Since the hand-writable liquid crystal board set is provided with 
both the interlock arrangement and the electric shock protecting measure based on the resistances, the board set is 

30 highly improved in safety and can be used by anyone without fear or anxiety. 

The hand-writable liquid crystal board set thus highly improved in safety can be applied to a cordless type set. In 
the hand-writable liquid crystal board set of cordless type, a power source is connected at one terminal thereof to a 
conductive layer while the other terminal of the power source is connected through a resistance to an surface electrode 
which works as press-button of a switch for writing. The conductive layer also connected through a resistance to another 

35 surface electrode which works as a press-button of a switch for erasing. Here, the switches for writing and erasing 
constitute interlocking structures. Connected in series to one of the terminals of the power source are a b<;ontact of 
the switch for writing and an a-contact of the switch for erasing, whereas an a-contact of the switch for writing and a 
b-contact of the switch for erasing are connected in series to the other terminal of the power source. With this arrange- 
ment, touching the surface electrode of the switch for writing with the left hand to press it, an operator can draw a 

40 recording image by touching the board surface with the right hand itself or the writing member held in the right hand. 
On the other hand, touching the surface electrode of the switch for erasing with the left hand to press it, the operator 
can erase a recorded image by touching the board surface with the right hand itself or the erasing member held in the 
right hand. In both cases, no lead wire is required, therefore even though display and erasing are repeated in many 
times, there is no fear that the wires are entangled or disconnected.thus allowing the hand-writable liquid crystal board 

45 set to be simple and hard to break down. 

In the hand-writable liquid crystal board set of the invention, there may be provided an automatic power-off device 
to the electric circuit for the display means. Since this device will automatically cut the switch of the power source after 
the passage of a predetermined time if the switch has been left on-state, it is possible to make the apparatus power- 
saving type which does not waste electric power. 

so in the hand-writable liquid crystal board set of the invention, the board screen and the writing and erasing members 

can be impregnated or coated with an oil Alternatively, a polymer film may be coated on these items. With these 
treatment, the board screen will be hard to dirty. The oil to be used should have a volume resistivity of 10 13 n-cm or 
more at 50% RH and at 23 °C, a boiling point of 200 °C or more, insolubility in water and a low surface tension. 
Examples of the oil includes insulation oil, silicone oil, fluorine oil, etc. As the polymer, fluororesin can be exampled. 

ss Repetitions of display and erasing operations on the board screen would leave oil, sweat, cosmetic or any other dirt 
from the hands applied on the board screen little by little for a long period of time. This would cause the applied static 
charges to be easy to move and therefore attenuate, resulting in deterioration of the contour sharpness of the recorded 
image and lowering the memory retention and the erasability The above treatment serves to eliminate or prevent these 
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adverse effects. 

In the hand-writable liquid crystal board set of the invention, display and erasing of the recording image is carried 
out based on a principle that presence and absence of static electric fields in the liquid crystal- dispersed polymer layer 
of the liquid crystal board create transparent and opaque states on the liquid crystal display device of externally charging 
5 type. More specifically, droplet liquid crystal in the liquid crystal-dispersed polymer layer is finely dispersed in the pol- 
ymer matrix and molecules of the liquid crystal Is aligned along the polymer wall. Accordingly, when the static charge 
is not supplied, the difference in index of refraction between the polymer and the liquid crystal causes light -scattering 
and make the liquid crystal board white-clouded or opaque. On the other hand, if an electric field is applied to the liquid 
crystal-dispersed polymer layer through the transparent insulator layer by the display means, the liquid crystal is on- 
to anted in a direction of the electric field. By this alignment, the indices of refraction in the polymer and the liquid crystal 
become substantially equal to each other. As a result, light scattering is inhibited to create transparent areas, or a 
contrast is generated between the board screen and the recorded image so as to put the screen in the displaying state 
(Fig.1). In order to erase the image, the electric field created in the liquid crystaWispersed polymer layer is to be 
removed by the erasing means. By the operation, the liquid crystal is brought back to the initial state or the state in 
is which no electric charge is present, and light is scattered again to bring the board screen in the white-clouded state 
(Fig.3). 

In accordance with the hand-writable liquid crystal board set of the present invention having the above-described 
structure, it is possible for anyone to easily write and draw images and erase the recorded images by hands using the 
simple display and erasing means, without necessity of a complicated apparatus and troublesome operations. In ad- 

20 dition, despite that electric operations, namely provision and removal of electric charges are carried out in displaying 
and erasing, the board set is excellent in safety without fear to cause an electric shock to the human body. 

In accordance with the prior art, a liquid crystal display device is formed such that a liquid crystal-dispersed polymer 
layer is laminated directly onto a conductive layer. In such a liquid crystal display device, provision of static charges is 
conducted by various methods, such as for example, voltage application, corona discharge, contact electrical charging, 

25 etc., thus generating electric fields in the portions in which electric charges is provided. Although the electric fields thus 
generated make the liquid crystal align to form an image, the static charges move and therefore attenuate with the 
passage of time. In other words, the electric fields attenuate and disappear with time, so that the alignment of the 
nematic liquid crystal is brought back to the initial state, resulting in insufficiency of the memory performance as a 
display device. In this invention, however, a high-electric resistance layer is disposed between the conductive layer 

30 and the liquid crystal-dispersed polymer layer, so that the performance of memory retention is markedly improved. This 
can be considered that the high-electric resistance layer prevents the static charge from moving, the electric field for 
the recorded image being retained (Fig.2), thus providing an excellent performance for memory retention of the re- 
corded image which could not achieved by the conventional structure. 

In the liquid crystal display device of the invention, the static charges in the recorded image portion can be removed 

35 easily by electrically connecting the conductive layer with the image recorded portion or the surface of the transparent 
insulator layer so that the two portions may be equi-potential. As a result, the electric field disappears bringing the 
alignment of the liquid crystal back to the initial state. In one word, erasing of the recorded image can be conducted 
in a simple manner (Fig.3). In the conventional liquid crystal display device, the static charges staying in the liquid 
crystal-dispersed polymer layer on the side of the conductive layer move and attenuate with the passage of time, so 

40 that the balance of the static charge amount between the upper and lower sides of the liquid crystal-dispersed polymer 
layer is lost. This imbalance of the charges makes it difficult to remove or eliminate the electric field from the surface 
of the transparent insulator layer, resulting in a poor erasability. In the present invention, however, the provision of the 
transparent high-electric resistance layer also improves the erasability. This can be considered that the high-electric 
resistance layer inhibits the static charge from moving, and the balance of the static charge amount between the upper 

45 and lower sides of the liquid crystal-dispersed polymer layer is kept, thus providing an excellent erasability of the 
recorded image which could not achieved by the conventional structure. 

Generally, the transparent insulator layer is provided for the purpose of protecting the liquid crystal-dispersed 
polymer layer. That is, the provision is to prevent the liquid crystal -dispersed polymer layer which works as a display 
screen from being easily damaged due to the friction and abrasion by the other members when recording and erasing 

so are effected. But the provision of the transparent insulator layer also prevents the attenuation of the static charge from 
the liquid crystal-dispersed polymer layer even at the time of high humidity, specifically at a relative humidity of 90% 
in a 20 °C air. This makes the recorded image clear without blurring at its contour with the passage of time, and improves 
the memory retention performance and the erasability of the recorded image. This can be considered that the trans- 
parent insulator layer keeps the balance of the static charge amount between the upper and lower sides of the liquid 

55 crystal-dispersed polymer layer. , 

According to the present invention, in the hand-writable liquid crystal board set a large-sized board screen can be 
provided and display and erasing of the image can be effected from the outside of the board screen due to the char- 
acteristic of the liquid crystal board of externally charging type used. In addition, the memory retention performance of 
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70 



the recorded image is excellent and liquid crystal board has an enough durability for practical use. Moreover, the hand- 
writable durability for practical use. Moreover, the hand-writable liquid crystal board set is designed under consideration 
of the safety of protection of electric shocks etc., even a child can operate the board set safely. Therefore, the apparatus 
of the present invention can lend itself to wide usage not only for the the business use but also toy or game uses as 
well as educational usage. 

EXAMPLES 

Example 1 

The description will be made with reference to Figs.4 and 6. 

(a) preparation of a liquid crystal display device of externally charging type: 

75 A deposition aluminum layer of an aluminum deposited film <"#1 25 Metallumy TS" manufactured by Toyo Metallizing 

Co.,l_td) having a substrate 2 made of polyethylene terephthalate film was used as a conductive layer 3, on which a 
solution having the following composition is applied, dried and cured as a high-electric resistance transparent layer 4 
with a dry film thickness of 3 um 

20 polyvinyl formal ( "DENKAFORMAL #20" made by DENKI 

KAGAKU KOGYO KABUSHIKI KAISHA) 10% in tetrahydrof uran 

, ^ 9.0g 
2S solution 

polyisocyanate ( "TAKENATE D110N" made by Takeda 

Chemical Industries, Ltd. ) 0.4g 

30 A solution having the following composition was applied, dried and cured with a dry film thickness of 7 ujti so as 

to form a liquid crystal-dispersed polymer layer 7 in which liquid crystal droplets are finely dispersed in polymer matrix. 



35 



40 



45 



50 



polyvinyl formal ("VINYLEC K-624" made by CHISSO CORPORATION) 10% in tetrahydrofuran solution 

polyisocyanate ("TAKENATE D110N" made by Takeda Chemical Industries, Ltd.) 

nematic liquid crystal ("E44" made by MERCK Co.,) 



4.2g 

0.56g 

0.36g 



Laminated on the above liquid crystal -dispersed polymer layer was a transparent insulator layer 8 with 9 \im in 
thickness of polyethylene terephthalate film ("TETRON film F" made by TEIJIN LIMITED) using an adhesive to complete 
a liquid crystal display device of externally charging type 1 . 

The transparent high-eletric resistance layer 4 and the liquid crystal-dispersed polymer layer 7 which had been 
adjusted at 20°C and at 90% RH were measured on the volume resistivity using a D.C. power supply ("PR-630" made 
by TORIO Co.,), an electrometer ("TR8651 "made by Takeda Riken Co., Ltd), an insulating resistance measuring spec- 
imen chamber ("TR42" made by ADVANTEST CORPORATION). The result is shown below. 



transparent high-electric resistance layer 
liquid crystal-dispersed polymer layer 



1.5 X 10 14 acm 
7.4 X 10 14 acm 



(b) Preparation of a hand-writable liquid crystal board set: 



A hand-writable liquid crystal board set of cord type was prepared as the following procedures by using the above 
liquid crystal display device of externally charging type as a liquid crystal board 1. 

A conductive layer 3 of a liquid crystal board 1 of externally charging type was connected to one terminal 10 of a 
direct current power source 9 which generates a voltage of 600 V between terminals using unillustrated 1.5 V drycell 
ss (U-3 type), through a series of a resistance 11 of 10MO, a lead wire 12 and another resistance 13 of 10MQ. Another 
terminal 14 of the power source 9 was connected to a writing member 20 made of a conductive sponge ("MOSPAC 
P\ a product of FUJIMORI KOGYO CO., LTD.) having a volume resistivity of 5 X 10 4 fl-cm at 50% RH at 23 °C , 
through a series of a lead wire 15, a-contact 16 of a switch for writing, a lead wire 17, b-contact 18 of a switch for 
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erasing and a lead wire 19. Another conductive sponge ("MOSPAC GS", a product of FUJIMORI KOGYO CO., LTD.) 

having a volume resistivity of 4 x 10 3 O-cm at 50% RH at 23 °C was connected as an erasing member 27 through a 

series of lead wire 21 , a b-contact 22 of the switch for writing, a lead wire 23, a-contact 24 of the switch for erasing, 

resistance 25 of 10 M£i and a lead wire 26 to the lead wire 12. 
5 A timer circuit (not shown) of about a five-minute shut-off time is incorporated as an automatic power-off device 

between the U-3 type 1 .5 v drycell and the power source 9. 

The switch 28 for writing comprises the a-contact 16 and the b-contact 18 which are linked with each other to form 

an interlock mechanism. The switch 31 for erasing comprises the b-contact 22 and the a-contact 24 which are linked 

with each other to form an interlock mechanism. In a usual state, the b-contact 18 of the switch for erasing and the b- 
io contact 22 of the switch for writing are in the connected state, whereas the a-contact 16 of the switch for writing and 

the a-contact 24 of the switch for erasing are in the disconnected state. 

As described above, the hand-writable liquid crystal board set of this embodiment was prepared. 



(c) Writing member and recording image 

15 

Pen type writing member: 

A figure was written on a board screen 29 of the liquid crystal board 1 using the writing member 20 while the switch 
28 for writing being pressed. As a result, a surface potential arouse in the written portion on the board screen 29 and 
the thus formed static field made the liquid crystal of the liquid crystal dispersed polymer layer 7 align, so that a recording 
20 image 30 of the figure could be displayed. 

Stamp type writing member: 

A stamp 20' was prepared as the writing member 20 using a conductive sponge {"MOSPAC P", a product of 
FUJIMORI KOGYO CO., LTD.) having a volume resistivity of 5 x 10 4 Q-cm at 50% RH at 23 °C. Use of the stamp 20' 
made it possible to record and display an image of characters and figures on the board screen 29 easily at a time. 
25 Pattern film type writing member: 

As the writing member 20, a 50 ujti polyethylene terephthalate ("TETRON film H7W" manufactured by TEIJIN 
LIMITED) was formed into a pattern film (not shown) having characters, figures etc. written or drawn on its surface 
with a transparent conductive ink ("1-201 ", a product manufactured by Sumitomo Cement Co., Ltd.). Use of the pattern 
film made it possible to record and display an image of characters and patterns on the board screen 29 easily at a time. 
30 Calligraphic brush type writing member: 

As the writing member 20, the aforementioned conductive sponge ("MOSPAC P", a product of FUJIMORI KOGYO 
CO. .LTD.) was formed into a cone-shape to prepare a calligraphic brush type writing implement. Use of the implement 
made it possible to make the trace of the recording image vary narrower or wider as if it were written with a calligraphic 
brush. 

35 

(d) Erasing of recorded image: 

In erasing, a recorded image 30 on the board screen 29 was traced with the aforementioned erasing member 27 
while the switch for erasing being pressed. As a result, the static charges for the recorded image 30 could be removed, 
40 facilitating to erase a desired portion alone. 



(e) Safety 

In the board set of this embodiment, pressing the switch 28 for writing brings the a^ontact 16 of the switch for 
45 writing into the connected state, which electrically connects the terminal 1 4 with the writing member 20. As a result, a 
voltage arises between the conductive layer 3 and the writing member 20, enabling the writing and/or drawing operation 
onto the liquid crystal board 1 . At the same time, the b-contact 22 of the switch for writing and the a-contact 24 of the 
switch for erasing are respectively in the disconnected state, so that the erasing member 27 is electrically disconnected 
from the terminal 1 0. Therefore, no voltage can arise between the writing member 20 and the erasing member 27 while 
so the switch 28 for writing being pressed. Accordingly, no electric shock was felt by an operator when the operator touched 
the writing member 20 and the erasing member 27 by the hands at the same time while the switch 28 for writing being 
pressed. 

While the switch 31 for erasing being pressed, the a-contact 24 of the switch for erasing is brought into the con- 
nected state, which electrically connects the conductive layer 3 with the erasing member 27, and thus these two portions 
ss become equipotential. As a result, the static charges in the recorded image portion can be removed by rubbing the 
board screen 29 with the erasing member 27, enabling the erasure of the recorded image 30. Meanwhile, the a-contact 
16 of the switch for writing and the b-contact 18 of the switch for erasing are respectively in the disconnected state, so 
that the writing member 20 is electrically disconnected from the terminal 14. Therefore, no voltage can arise between 
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the writing member 20 and the erasing member 27 while the switch 31 for erasing being pressed. Accordingly no 
electric shock was felt by an operator when the operator touched the writing member 20 and the erasing member 27 
by the hands at the same time while the switch 31 for erasing being pressed. 

When both the switch 28 lor writing and the switch 31 (or erasing are pressed at the same time, both the b-contact 

5 18 of the switch for erasing and the b-contact 22 of the switch for writing is brought into the disconnected state. Ac- 
cordingly, electrical disconnection is kept between the terminal 1 4 and the writing member 20, and between the terminal 
10 and the erasing member 27, respectively. 

Therefore, no voltage can arise between the writing member 20 and the erasing member 27 while both the switches 
being pressed simultaneously. Accordingly, no electric shock was felt by an operator when the operator touched the 

10 writing member 20 and the erasing member 27 by the hands at the same time while both the switch 28 for writing and 
the switch 31 for erasing being pressed at the same time. 

Still, no shock was felt by an operator when both the charged board screen 29 and the erasing member 27 were 
touched by the hands of the operator at the same time. This is because the existence of resistances 25 and 1 3 between 
the erasing member 27 and the conductive layer 3 inhibits the current between the erasing member 27 and the board 

is screen 29 at most 30 uA 

Moreover, consideration was made for a case in which the conductive layer 3 of the liquid crystal board was 
exposed outside. In this case, no shock was felt by the operator when both the writing member 20 and the exposed 
portion of the conductive layer 3 were touched by the hands of the operator at the same time. This is because the 
existence of resistances 1 3 and 11 between the conductive layer 3 and the power source 9 inhibits the current between 

20 the writing member 20 and the conductive layer 3 at most 30 uA 



(f ) Power saving 

In the board set of this example, an automatic power off device is provided. Therefore, if the hand-writable liquid 
25 crystal board set is left with the power switch on, the power can be automatically cut off after a predetermined period 
of time, thus avoiding waste of electric energy. 

Thus, a hand-writable liquid crystal board set of power saving type has been completed in which display and 
erasing operations can be repeatedly carried out from the outside of the board screen in a simple manner, and which 
assures such high safety that no electric shock would harm the operator under any circumstance of the use. 

30 

Example 2 

Description will be made with reference to Figs.5 and 7. 
35 (a) Preparation of a liquid crystal display device of externally charging type; 

A liquid crystal display device of externally charging type 1 was prepared in the same manner described in example 
The following volume resistivities of layers were obtained in the similar measurement as in example 1 . 



40 



45 



ss 



transparent high-electric resistance layer 
liquid crystal-dispersed polymer layer 



1.5 X 10 14 n-cm 
7.4 X 10 14 acm 



(b) Preparation of a hand-writable liquid crystal board set of cordless type : 



A hand-writable liquid crystal board set of cordless type was prepared as the following procedures by using the 
above liquid crystal display device of externally charging type as a liquid crystal board 1 . 

A conductive layer 3 of a liquid crystal board 1 of externally charging type was connected to one terminal 10 of a 
direct current power source 9 which generates a voltage of 600 V between terminals using unillustrated 1.5 V type 
50 drycell, through a series of a resistance 11 of 10MQ, a lead wire 12 and another resistance 13 of 10MQ. Another 
terminal 14 of the power source 9 was connected with a series of a lead wire 15, a-contact 16 of a switch for writing, 
a lead wire 17, b-contact 18 of a switch for erasing, and a lead wire 19 to a contact type surface electrode 32 of the 
switch for writing. A contact type surface electrode 33 of a switch for erasing was connected through a series of a lead 
wire 21 , b-contact 22 of the switch for writing, a lead wire 23, a-contact 24 of the switch for erasing, a resistance 25 of 
1 0 MO and a lead wire 26 to the lead wire 1 2. A writing member 20 and an erasing member 27 were separately provided. 
The writing member 20 was made of a conductive sponge ("MOSPAC P", a product of FUJIMORI KOGYO CO., LTD.) 
having a volume resistivity of 5 X 10 4 Q-cm at 50% RH and at 23 °C, whereas the erasing member 27 was made of 
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a conductive sponge ("MOSPAC GS", a product of FUJIMORI KOGYO CO.. LTD.) having a volume resistivity of 4 x 
1 0 3 Q-cm at 50% RH and at 23 °C. 

A timer circuit (not shown) of about a five-minute shut-off time is incorporated as an automatic power-off device 
between the U-3 type 1 .5 v drycell and the power source 9, 

5 The switch 28 for writing comprises the a-contact 16 and the b-contact 22 which link with each other to form an 

interlock mechanism. The switch 31 for erasing comprises the b-contact 18 and the a-contact 24 which link with each 
other to form an interlock mechanism. In an usual state, the b<ontact 18 of the switch for erasing and the b-contact 
22 of the switch for writing are in the connected state, respectively, whereas the a-contact 16 of the switch for writing 
and the a-contact 24 of the switch for erasing are in the disconnected state, respectively. 

10 As described heretofore, the hand-writable liquid crystal board set of this embodiment was prepared. 

(c) Writing operation : 

Pressing the switch 28 for writing by the left hand (with touching the contact type surface electrode 32 of the switch 
75 for writing), an operator drew lines on a board screen 29 with the writing member 20 held in the right hand. By this, a 
recorded image 30 was obtained. 

(d) Erasing operation : 

20 Pressing the switch 31 for erasing by the left hand (with touching the contact type surface electrode 33 of the 

switch for erasing), the operator traced the recorded image 30 with the erasing member 27 held in the right hand and 
erased the image. 

In writing and erasing, the operator's body naturally plays a role to electrically connect the contact type surface 
electrode 32 of the switch for writing with the writing member 20, and the contact type surface electrode 33 of the 
25 switch for erasing with the erasing member 27, respectively. 

(e) Safety 

In the board set of this embodiment, pressing the switch 28 for writing brings the a-contact 16 of the switch for 

30 writing into the connected state, which electrically connects the terminal 14 with the contact type surface electrode 32 
of the switch for writing. As a result, a voltage arises between the conductive layer 3 and the contact type surface 
electrode 32. At this time, the contact type surface electrode 32 and the writing member 20 held in the hand are 
connected through the human body, so that the contact type surface electrode 32 is equipotential with the writing 
member 20. As a result, in a usual writing operation, a voltage arises between the conductive layer 3 and the writing 

35 member 20, enabling the writing and/or drawing operation onto the liquid crystal board 1 . Meanwhile the b-contact 22 
of the switch for writing and the a-contact 24 of the switch for erasing are respectively in the disconnected state, so 
that the contact type surface electrode 33 of the switch for erasing is electrically disconnected from the terminal 10. 
Therefore, no voltage can arise between the contact type surface electrode 32 of the switch for writing and the contact 
type surface electrode 33 of the switch for erasing while the switch 28 for writing being pressed. Accordingly, no electric 

40 shock was felt by an operator when the operator touched the contact type surface electrode 33 of the switch for erasing 
while pressing the switch 28 for writing. 

With the switch 31 for erasing being pressed, the a-contact 24 of the switch for erasing is brought into the connected 
state, which electrically connects the conductive layer 3 with the contact type surface electrode 33 of the switch for 
erasing. At this time, the contact type surface electrode 33 and the erasing member 27 held in the hand are connected 

45 through the human body, so that the contact type surface electrode 33 is equipotential with the erasing member 27. 
As a result, in a usual erasing operation, the conductive layer 3 and the erasing member 27 is equipotential. Therefore, 
the static charges in the recorded image portion can be removed by tracing the board screen 29 with the erasing 
member 27, enabling the erasing of the recorded image 30. Meanwhile, the a-contact 16 of the switch for writing and 
the b-contact 18 of the switch for erasing are respectively in the disconnected state, so that the contact type surface 

so electrode 32 of the switch for writing is electrically disconnected from the terminal 1 4. Therefore, no voltage can arise 
between the contact type surface electrode 33 of the switch for erasing and the contact type surface electrode 32 of 
the switch for writing while the switch 31 for erasing being pressed. Accordingly, no electric shock was felt by an operator 
when the operator touched the contact type surface electrode 32 of the switch for writing simultaneously with pressing 
the switch 31 for erasing. 

ss When both the switch 28 for writing and the switch 31 for erasing are pressed at the same time, both the b-contact 

18 of the switch for erasing and the b-contact 22 of the switch for writing is brought into the disconnected state. Ac- 
cordingly, electrical disconnections are kept between the terminal 14 and the contact type surface electrode 32 of the 
switch for writing, and between the terminal 10 and the contact type surface electrode 33 of the switch for erasing, 
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respectively. 

Therefore, no electric shock was felt by the operator when the operator press both the switch 28 for writing and 
the switch 31 for erasing simultaneously since no voltage would arise between the contact type surface electrode 32 
of the switch for writing and the contact type surface electrode 33 of the switch for erasing. 

s still, no shock was felt by the operator when both the charged board screen 29 and the contact type surface 

electrode 33 of the switch for erasing were touched by the hands of the operator at the same time. This is because 
the existence of resistances 25 and 13 between the contact type surface electrode 33 of the switch for erasing and 
the conductive layer 3 inhibits the current between the contact type surface electrode 33 of the switch for erasing and 
the board screen 29 not more than 30 uA 

10 Moreover, consideration was made for a case in which the conductive layer 3 of the liquid crystal board 1 was 

exposed outside. In this case, no shock was felt by the operator when both the contact type surface electrode 32 of 
the switch for writing and the exposed portion of the conductive layer 3 were touched by the hands of the operator at 
the same time. This is because the existence of resistances 13 and 11 between the conductive layer 3 and the power 
source 9 inhibits the current between the contact type surface electrode 32 of the switch for writing and the conductive 

is layer 3 not more than 30 uA 



(f) Power saving 

In the board set of this example, an automatic power off device is provided. Therefore, if the hand-writable liquid 
20 crystal board set is left with the power switch on, the power can be automatically cut off after a predetermined period 
of time, thus avoiding waste of electric energy. 

Thus, a hand-writable liquid crystal board set of power saving type has been completed in which displaying and 
erasing operations can be repeatedly carried out from the outside of the board screen in a simple manner, which 
assures such high safety that no electric shock would harm the operator under any circumstance of the use. In addition 
25 the set has a high durability free from troubles such as entanglement or disconnections of cords since no cord is 
employed. 



Example 3 

30 (a) Preparation of a liquid crystal display device of externally charging type: . 

A liquid crystal display device of externally charging type 1 was prepared in the similar manner with example 1 
except that a polyethylene terephthalate film of 2 urn thick ("KX43-42.0W", a product of Diafoil Co., Ltd.) were laminated 
as a transparent high-electric resistance layer 4 on the same conductive layer 3 in example 1 . 
35 The following volume resistivity of the layer was obtained in the similar measurement as in example 1 . 



40 



transparent high-electric resistance layer 



7.5 X 10 14 Q-cm 



(b) Preparation of a hand-writable liquid crystal board set : 

A hand-writable liquid crystal board set was prepared as the same manner in example 1 by using the above liquid 
crystal display device of externally charging type as a liquid crystal board 1 . 



45 
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Example 4 

(a) Preparation of a liquid crystal display device of externally charging type; 



A liquid crystal display device of externally charging type 1 was prepared in the similar manner with example 1 . A 
solution having the following composition was applied on the surface of the transparent insulator layer 8 of the device 
50 as a dirt-protecting film (not shown) so as to be 3 \\m in thick after dried. Then the solution was dried and cured. 



polyol ("CEFRAL COAT A-201TB" made by CENTRAL GLASS CO., LTD.) 

hexamethylene diisocyanate isocyanurate (polyisocyanate : made by CENTRAL GLASS CO., LTD.) 
ethyl acetate 



9.0g 
1.0g 
16.0g 
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(b) Preparation of a hand-writable liquid crystal board set : 

A hand-writable liquid crystal board set was prepared as the same manner in example 1 by using the above liquid 
crystal display device of externally charging type as a liquid crystal board 1 . 



Comparative example 1 

(a) Preparation of a liquid crystal display device of externally charging type: 

A liquid crystal display device of externally charging type 1 was prepared in the similar manner with example 1 
except that no transparent high-electric resistance layer 4 was provided on the same conductive layer 3 with that of 
example 1 . 

(b) Preparation of a hand-writable liquid crystal board set : 

A hand-writable liquid crystal board set was prepared as the same manner in example 1 by using the above liquid 
crystal display device of externally charging type as a liquid crystal board 1 . 



Comparative example 2 



(a) Preparation of a liquid crystal display device of externally charging type: 

Applied on the same conductive layer 3 with that of example 1 was a mixture of the following compositions. Then 
a polyethylene terephthalate film of 9 um thick ("TETRON film F", a product of TEIJIN LIMITED) was put and pressed 
as a transparent insulator layer 8 over the above applied film. The film side of the device was exposed by a UV- 
irradiating apparatus for one minute such that lightering occurred whereby a liquid crystal-dispersed polymer layer 
7 was formed. Thus a liquid crystal display device of externally charging type was prepared. 



epoxyacrylate ("ARONIX M210°, a product by Toagosei Chemical Industry Co.,Ltd.) 

2-ethylhexylacrylate 

benzoin-isopropylether 

nematic liquid crystal ("E7" made by MERCK Co.) 

sphere particles of 12 u.m in diameter fMBX-12S B made by SEKISUI PLASTICS Co.,Ltd.) 




The volume resistivity of the layer below was obtained in the similar measurement as in example 1 . 



liquid crystal-dispersed polymer layer 5.6 X 1 0 9 fi«cm 



(b) Preparation of a hand-writable liquid crystal board set : 

A hand-writable liquid crystal board set was prepared as the same manner in example 1 by using the above liquid 
crystal display device of externally charging type as a liquid crystal board 1 . 



Comparative example 3 

(a) Preparation of a liquid crystal display device of externally charging type: 

A liquid crystal display device of externally charging type 1 was prepared in the similar manner as in example 1 , 
except in that an aqueous solution of polyvinyl alcohol ("Gohsenol GH-1 7", a product by The Nippon Synthetic Chemical 
Industry Co. .Ltd.) was applied and then dried in place of the transparent high-electric resistance layer 2 so as to be 2 
u,m in thick after dried. 

The volume resistivity of the polyvinyl alcohol was 2.1 X 10 11 ft-cm at 90% RH and at 20 °C. 



(b) Preparation of a hand-writable liquid crystal board set : 

A hand-writable liquid crystal board set was prepared as the same manner in example 1 by using the above liquid 
crystal display device of externally charging type as a liquid crystal board 1 . 
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Comparative example 4 

(a) Preparation of a liquid crystal display device of externally charging type: 

5 A liquid crystal display device of externally charging type 1 was prepared in the similar manner with example 1 

except that no transparent insulator layer 8 was provided. 

(b) Preparation of a hand-writable liquid crystal board set : 

10 A hand-writable liquid crystal board set was prepared as the same manner in example 1 by using the above liquid 

crystal display device of externally charging type as a liquid crystal board 1 . 

The following items were evaluated for each hand-writable liquid crystal board set of the above examples and 
comparative examples. 

is (1 ) Recording performance: 

Each hand-writable liquid crystal board set was left in an environment having a relative humidity (to be abbreviated 
as RH) of 90% and at 20°C, to absorb the moisture. With each of the thus damped sets, an operator drew a recording 
image 30 on the board screen 29 with the writing member 20 while the switch 28 for writing was pressed. Then the 
20 difference of the density between the image area and the image-free area was measured using a Macbeth density- 
meter (RD-91 5 type) 

Good : The difference of O.D value between the image area and the image-free area is 0.4 or more. 
Bad : The difference of O.D value between the image area and the image-free area is less than 0.4. 

25 (2) Image retention memory performance 

Each of the hand-writable liquid crystal board set with the image 30 was left at 90%RH and at 20 °C, and the image 
retention time of the recorded image 30 was measured. 

Good : The image is retained for 30 minutes or longer with keeping the difference of O.D value between the image 
30 area and the image-free area at or over 0.4. 

Medium : The image is retained for at least 10 minutes and less than 30 minutes with keeping the difference of O. 
D value between the image area and the image-free area at or over 0.4. 

Bad : The image is retained for less than 10 minutes with keeping the difference of O.D value between the image 
area and the image-free area at or over 0.4. 

35 

(3) Erasability 

Each hand-writable liquid crystal board set was left at 20 °C and at 90% RH, to absorb the moisture. With each of 
the thus damped sets, an operator drew a recording image 30 on the board screen 29 with the writing member 20 
40 while the switch 28 for writing was pressed. Then the recorded image 30 was erased by tracing it with the erasing 
member 27 while the switch 31 for erasing being pressed. 

Good : The image area erased can hardly be seen (The O.D value of the erased area is less than the O.D value 
of the image-free area plus 0.05.) 

Bad : The image area eraser is clearly known (The O.D value of the erased area is the O.D value of the image- 
rs free area plus 0.05 or more.) 

(4) Strength of the board 

Each liquid crystal board was rubbed on its surface with a material having a pencil strength of 2H, and the damage 
so was observed. 

Good : No damage 

Bad : The liquid crystal-dispersed layer is peeled off and damaged. 

(5) Dirt-protecting performance 

55 

Each of the hand-writable liquid crystal board sets had been left in a room environment for about one month while 
the writing and erasing operations were repeated. Thereafter, the above items (2) Image retention memory performance 
and (3) Erasability was reevaluated. 
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Good : No deterioration in the image retention memory performance and erasability. 

Bad : deterioration in the image retention memory performance and erasability is observed. 

The result of the evaluation is shown in Table. 1 



Table. 1 





Recording 
performance 


Image memory 

n o rf n r m a n a 
jjci i \Ji 1 1 icu ivo 


Erasability 


Strength of board 


Dirtprotecting 
performance 


Ex.1 


oooa 


Good 


Good 


Good 


Bad 


Ex.2 


Good 


Good 


Good 


Good 


Bad 


Ex.3 


Good 


Good 


Good 


Good 


Bad 


Ex.4 


Good 


Good 


Good 


Good 


Good 


CEx.1 


Good 


Medium 


Bad 


Good 


Bad 


CEx.2 


Good 


Bad 


Bad 


Good 


Bad 


CEx.3 


Good 


Medium 


Bad 


Good 


Bad 


CEx.4 


Good 


Good 


Bad 


Bad 


Bad 


Ex: 


Example; CEx: Compa 


rative example 



Claims 

1. A liquid crystal display device (1 ) of externally charging type comprising, successively layered: 

a conductive layer (3); 

a liquid crystal-dispersed polymer layer (7) in which liquid crystal (6) is finely dispersed in polymer matrix (5) 
thereof; and 

a transparent insulator layer (8), characterised in that said display device comprises a transparent high-electric 
resistance layer (4) having a volume resistivity of 10 13 O-cm or more at 20 °C and at a relative humidity of 
90% between said conductive layer and said polymer layer, and in that said polymer layer has a volume 
resistivity of 10 13 O-cm or more at 20 °C and at a relative humidity of 90%. 

2. The liquid crystal display device of externally charging type according to claim 1 , wherein said high-electric resist- 
ance layer comprises a polymer or a film having a cross-linked structure. 

3. The liquid crystal display device of externally charging type according to claim 1 , wherein the polymer matrix of 
said liquid crystal-dispersed polymer layer is composed of a polymer having a cross-linked structure. 

4. A hand-writable liquid crystal board set comprising: 

(A) a liquid crystal board of externally charging type comprising, successively layered : a conductive layer (3); 
a liquid crystal-dispersed polymer layer (7) in which liquid crystal (6) is finely dispersed in polymer matrix (5) 
thereof; and a transparent insulator layer (8); 

(B) display means (20) for displaying and recording images onto the board surface of said liquid crystal board, 
and erasing means (27) for erasing said recorded images; and 

(C) a power source (9) for generating a surface potential between the outer surface of said transparent insulator 
layer of said liquid crystal board and said conductive layer by said display means, 

characterised in that said display means employs a writing member (20) electrically connected to one terminal 
(14) of said power source which is connected at the other terminal (10) thereof to said conductive layer; 

said erasing means employs an erasing member (27) electrically connected to said conductive layer; said 
liquid crystal board comprises a transparent high-electric resistance layer (4) having a volume resistivity of 10 13 
Q-cm or more at 20 °C and at a relative humidity of 90% between said conductive layer and said polymer layer; 
and in that said polymer layer has a volume resistivity of 10 13 Q-cm or more at 20 °C and at a relative humidity of 
90%. 



so 
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5. The hand-writable liquid crystal board set according to claim 4, wherein said high-electric resistance layer com- 
prises a polymer or a film having a cross-linked structure. 

6. The hand-writable liquid crystal board set according to claim 4, wherein the polymer matrix of said liquid crystal- 
5 dispersed polymer layer is composed of a polymer having a cross-linked structure. 

7. The hand-writable liquid crystal board set according to claim 4, wherein a lead wire (1 9) which electrically connects 
said power source with said writing member, said writing member itself, a lead wire (26) which electrically connects 
said conductive layer with said erasing member, and said erasing member itself all have a respective volume 

w resistivity of 10 12 ft-cm or less at 23 °C and at a relative humidity of 50%. 

8. The hand-writable liquid crystal board set according to claim 4, wherein an electric resistance (11, 13, 25) of 200 
Kft to 100Mft is electrically connected at least between one terminal of said power source and said conductive 
layer, between one terminal of said power source and said erasing member, and between said conductive layer 

is and said erasing member. 

9. The hand-writable liquid crystal board set according to claim 4, wherein an electric circuit including said display 
means and said erasing means is equipped with an interlock device (28,31 ) for preventing the occurrence of electric 
shocks. 

20 

10. The hand-writable liquid crystal board set according to claim 4, wherein an electric circuit including said display 
means and said erasing means is equipped with an automatic power-off device. 

11. The hand-writable liquid crystal board set according to claim 4, wherein the board surface of said board, or said 
25 writing member and said erasing member have been subjected to a dirt-protection treatment. 

12. The hand-writable liquid crystal board set according to claim 4, wherein said writing member and/or said erasing 
member comprises a film-like or sheet-like substrate having a pattern of a conductive material formed thereon. 

30 

Patentanspruche 

1. Flussigkristall-Anzeigevorrichtung (1) des Fremdladetyps, umfassend in aufeinanderfolgenden Schichten 

35 - eine leitfahige Schicht (3); 

- eine Schicht (5) mit einem in einem Polymer dispergierten Flussigkristall, in der ein Flussigkristall (6) in einer 
Polymermatrix der Schicht (5) fein dispergiert ist; und 
eine transparente Isolator-Schicht (8); 

40 dadurch gekennzelchnet, daft 

die Anzeigevorrichtung eine transparente Schicht (4) mit hohem elektrischechem Widerstand, die einen spezifi- 
schen Volumenwiderstand von 10 13 Q • cm oder mehr bei 20 °C und bei einer relativen Feuchtigkeit von 90 % 
aufweist, zwischen der leitfahigen Schicht und der Potymerschicht aufweist und daB die Polymerschicht einen 
spezifischen Volumenwiderstand von 10 13 O • cm oder mehr bei 20 °C und bei einer relativen Feuchtigkeit von 90 
45 % aufweist. 

2. Flussigkristall-Anzeigevorrichtung des Fremdladetyps nach Anspruch 1 , worin die Schicht mit hohem elektrischem 
Widerstand ein Polymer oder einen Film mit einer vernetzten Struktur umfaBt. 

so 3. Flussigkristall-Anzeigevorrichtung des Fremdladetyps nach Anspruch 1 , worin die Polymer-Matrix der Schicht mit 
einem in einem Polymer dispergierten Flussigkristall aus einem Polymer mit einer vernetzten Struktur aufgebaut ist. 

4. Handbeschreibbare Flussgkristall-Tafel, umfassend 
55 (A) eine Flussigkristall-Tafel des Fremdladetyps, umfassend in aufeinanderfolgenden Schichten 

- eine leitfahige Schicht (3); 

- eine Schicht (7) mit einem in einem Polymer dispergierten Flussigkristall, in der ein Flussigkristall (6) in 
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einer Polymermatrix der Schicht (5) fein dispergiert ist; und 
eine transparente Isolator-Schicht (8); 

(B) eine Anzeigeeinrichtung (20) zum Anzeigen und Aufzeichnen von Bitdern auf der Tafeloberflache der Flus- 
sigkristall-Tafel und eine Ldscheinrichtung (27) zum Loschen der aufgezeichneten Bilder; und 

(C) eine Energiequelle (9) zur Erzeugung eines Oberflachenpotentials zwischen der AuGenflache der trans- 
parenten Isolator-Schicht der Flussigkristall-Tafel und der leitfahigen Schicht durch die Anzeigeeinrichtung, 

dadurch gekennzelchnet, daO 

- die Anzeigeeinrichtung von einem Schribgerat (20) Gebrauch macht, das elektrisch mit einem AnschluG (14) 
der Energiequelle verbunden ist, die an ihrem anderen AnschluG (10) mit der leitfahigen Schicht verbunden ist; 

- die Ldscheinrichtung von einem Loschgerat (27) Gebrauch macht, das elektrisch mit der leitfahigen Schicht 
verbunden ist; und 

75 - die Flussigkristall-Tafel eine transparente Schicht (4) mit hohem elektrischem Widerstand, die einen spezifi- 

schen Volumenwiderstand von 10 13 CI . cm oder mehr bei 20 °C und bei einer relativen Feuchtigkeit von 90 
% aufweist, zwischen der leitfahigen Schicht und der Polymerschicht umfaGt und daft die Polymerschicht 
einen spezifischen Volumenwiderstand von 1 0^ fl-cm oder mehr bei 20 °C und bei einer relativen Feuchtigkeit 
von 90 % aufweist. 

20 

5. Handbeschreibbare Flussigkristall-Taftl nach Anspruch 4, worin die Schicht mit hohem elektrischem Widerstand 
ein Polymer oder einen Film mit einer vernetzten Struktur umfaGt. 

6. Handbeschreibbare Flussigkristall-Tafel nach Anspruch 4, worin die Polymer-Matrix der Schicht mit einem in einem 
25 ' Polymer dispergierten Flussigkristall aus einem Polymer mit einer vernetzten Struktur aufgebaut ist. 

7 Handbeschreibbare Flussigkristall-Tafel nach Anspruch 4, worin ein AnschluGdraht (1 9) p der die Energiequelle mit 
dem Schreibgerat elektrisch verbindet/das Schreibgerat selbst, ein AnschluGdraht (26), der die leitfahige Schicht 
mit dem Loschgerat elektrisch verbindet, und das Loschgerat selbst jeweils einen spezifischen Vblumenwiderstand 
30 von 10 13 a • cm oder wentger bei 23 °C und bei einer relativen Feuchtigkeit von 50 % aufwetsen. 

8. Handbeschreibbare Flussigkristall-Tafel nach Anspruch 4, worin ein elektrischer Widerstand (11,13, 25) von 200 
kfl bis 100 MB elektrisch zwischen wenigstens einen AnschluG der Energiequelle und die leitfahige Schicht, zwi- 
schen einen AnschluG der Energiequelle und das Loschgerat und zwischen die leitfahige Schicht und das Losch- 

35 gerat geschaltet wird. 

9. Handbeschreibbare Flussigkristall-Tafel nach Anspruch 4, worin eine elektrische Schaltung, die die Anzeigeein- 
richtung und die Loscheinrichtung einschlieGt, mit einer Unterbrechungsvorrichtung (28, 31 ) ausgestattet ist, urn 
das Auftreten von Stromschlagen zu verhindern. 

40 

10. Handbeschreibbare Flussigkristall-Tafel nach Anspruch 4, worin eine elektrische Schaltung, die die Anzeigeem- 
* richtung und die Loscheinrichtung einschlieGt, mit einer automatischen Stromabschalt-Vorrichtung versehen ist. 

11. Handbeschreibbare Flussigkristall-Tafel nach Anspruch 4, worin die Tafeloberflache der Tafel oder das Schreib- 
45 ' gerat und das Loschgerat einer Bahendlung zum Schutz vor Verschmutzung unterzogen wurden. 

12. Handbeschreibbare Flussigkristall-Tafel nach Anspruch 4, worin das Schreibgeart und/oder das Loschgerat ein 
filmartiges oder schichtatiges Substrat mit einem darauf gebildeten Muster aus einem leitfahigen Material umfas- 



so 



sen. 



Revendications 



1 . Dispositif d'affichage a cristaux liquides (1 ) de type a chargement exteme, comprenant, dispos6es successivement 
55 en couches : 

une couche conductrice (3); 



19 



EP 0 555 982 B1 



une couche poiym6re (5) a cristaux liquides disperses, dans laquelle des cristaux liquides (6) sont disperses 
finement dans une matrice polymere (5) de cette derniere; et 

une couche isolante (8) transparente, caract6rise en ce que ledit dispositif d'affichage comprend une couche 
5 transparente (4) a resistance eiectrique elevee, ayant une r6sistivit6 volumique de 10 13 n.cm, ou plus, et a 

une temperature de 20°C et une humidite relative de 90° %, entre ladite couche conductrice et ladite couche 
polymere, et en ce que ladite couche polymere presente une resistivity volumique de 10 13 Q.cm ou plus, a 
une temperature de 20°C et a une humidite relative de 90 %. 

to 2. Dispositif d'affichage a cristaux liquides de type a chargement exterieur selon la revendication 1 , dans lequel ladite 
couche a resistance eiectrique elevee comprend un polymere ou un film ayant une structure rdticulee. 

3. Dispositif d'affichage a cristaux liquides de type a chargement exterieur, selon la revendication 1 , dans lequel la 
matrice polymere de ladite couche polymere a cristaux liquides disperses est constitute d'un polymere ayant une 

is structure reticulee. 

4. Jeu de panneaux a cristaux liquides, sur lequel on peut 6crire a la main, comprenant : 

(A) un panneau de cristaux liquides de type a chargement exterieur, comprenant, dispos6es successivement 
20 en couches: une couche conductrice (3); une couche polymere (7) a cristaux liquides disperses, dans laquelle 

les cristaux liquides (6) sont disperses finement dans une matrice polymere (5) de cette derniere; et une 
couche isolante (8) transparente; 

(8) un moyen d'affichage (20) pour afficher et enregistrer des images sur la surface de panneau dudit panneau 
25 de cristaux liquides et un moyen d'effacement (27) pour effacer lesdites images enregistrees; et 

(C) une source d'alimentation (9) pour produire un potentiel de surface entre la surface exterieure de ladite 
couche isolante transparente dudit panneau de cristaux liquides et ladite couche conductrice, par ledit moyen 
d'affichage, characterise en ce que ledit moyen d'affichage utilise un organe d'6criture (20) connecte eiectri- 
30 quement a une borne (1 9) de ladite source d'alimentation, qui est connected par son autre borne (20), a ladite 

couche conductrice; 

ledit moyen d'effacement utilise un organe d'effacement (27) connecte electriquement a ladite couche conductrice; 
ledit panneau de cristaux liquides comprend une couche transparente (4) a resistance eiectrique elevee, ayant 
35 une r6sistivit6 volumique de 10 13 Q.cm ou plus, a une temperature de 20°C et a une humidite relative de 90 %. 

entre ladite couche conductrice et ladite couche polymere, et en ce que ladite couche polymere presente une 
resistivite volumique de 10 13 n.cm ou plus, a une temperature de 20°C et a une humidite relative de 90 %. 

5. Jeu de panneaux a cristaux liquides, sur lequel on peut ecrire a la main, selon la revendication 4, dans lequel 
40 ladite couche a resistance eiectrique 6iev6e comprend un polymere ou un film ayant une structure r6ticul6e. 

6. Jeu de panneaux a cristaux liquides, sur lequel on peut ecrire a la main, selon la revendication 4, dans lequel la 
matrice polymere de ladite couche polymere a cristaux liquides disperses est constitu6e d'un polymere ayant une 
structure rettcuiee. 

45 

7. Jeu de panneaux a cristaux liquides, sur lequel on peut ecrire a la main, selon la revendication 4, dans lequel un 
fit conducteur (1 9), qui relie electriquement ladite source d'alimentation audit organe d'6criture, ledit organe d'ecri- 
ture mdme, un fil conducteur (26) qui relie electriquement ladite couche conductrice audit organe d'effacement, 
et ledit organe d'effacement meme pr6sente tous une r6sistivite volumique respective de 1012fi.cm ou moins, a 

so une temperature de 23°C et a une humidite relative de 50 %. 

8. Jeu de panneaux a cristaux liquides, sur lequel on peut 6crire a la main, selon la revendication 4, dans lequel une 
resistance eiectrique (11,19, 25) de 200 a 1 00 MO est connect6e electriquement au moins entre une borne 
de ladite source d'alimentation et ladite couche conductrice, entre une borne de ladite source d'alimentation et 

ss ledit organe d'effacement, et entre ladite couche conductrice et ledit organe d'effacement. 

9. Jeu de panneaux a cristaux liquides, sur lequel on peut 6crire a la main, selon la revendication 4, dans lequel un 
circuit eiectrique comprenant ledit moyen d'affichage et ledit moyen d'effacement est pourvu d'un dispositif d'in- 
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terverrouillage (28, 31 ) pour empecher I'occurrence des chocs electriques. 

10. Jeu de panneaux k cristaux liquides, sur lequel on peut ecrire & ia main, selon ta revendication 4, dans lequel un 
circuit dlectrique comprenant ledit moyen d'affichage et ledit moyen d'effacement est pourvu d'un dispositif auto- 
matique d'interruption d'alimentatton. 

11. Jeu de panneaux S cristaux liquides, sur lequel on peut ecrire k la main, selon la revendication 4, dans lequel la 
surface de panneau dudit panneau, ou ledit organe d'ecriture et ledit organe d'effacement ont 6te exposes & un 
traitement de protection contre la salete. 

12. Jeu de panneaux & cristaux liquides, sur lequel on peut ecrire & la main, selon la revendication 4, dans lequel ledit 
organe d'ecriture et/ou ledit organe d'effacement comprennent un substrat en forme de film ou en forme de feuille, 
ayant un motif de materiau conducteur formS sur lui. 
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FIG. 3 
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FIG. 5 
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